Background. Energy requirements must be estimated before nutritional care can be provided for patients undergoing hemodialysis (HD). However, the recommended caloric intake for patients has not been conclusively determined because of insufficiently large sample sizes. Method. is cross-sectional observational study recruited patients undergoing long-term HD from multiple centers as well as people in the general population without chronic kidney disease. People from both groups were matched by sex and age. Resting energy expenditure (REE) was estimated using an indirect calorimeter. Two commonly used equations for estimating REE and daily energy requirement recommended by the National Kidney Foundation's Kidney Disease Outcomes Quality Initiative (K/DOQI) were chosen. Results. is study had 154 HD patients and 33 matched HD-control group pairs. Age (r � −0.36, p < 0.01) and dry body weight after dialysis (r � 0.54, p < 0.01) were identified as the primary factors affecting total energy expenditure (TEE). When compared with measured energy expenditure, the recommended equations for evaluating energy expenditure, namely, the Harris-Benedict, Schoenfeld, and K/DOQI-recommended equations, were biased and imprecise for HD patients of different sexes and body sizes. Moreover, the TEEs of HD patients (26.8 ± 5.5 kcal/kg/day) and the matched control patients (25.3 ± 5.1 kcal/kg/day) did not significantly differ. Conclusions. Age and dry body weight are the main factors affecting the energy expenditure of HD patients. Furthermore, predicting the energy expenditure of HD patients by measuring the energy expenditure of their sedentary counterparts in the general population with the same sex, age range, and weight may yield better results than using traditional equations for predicting TEE. In East Asian populations, the TEE values were 32 and 30 kcal/kg dry weight for those aged <65 and ≥65 years, respectively. Future prospective cohort studies with larger sample sizes are needed.
Introduction
According to annual 2016 statistics from the United States Renal Data System, the prevalence of end-stage renal disease (ESRD) has increased [1] . Despite having declined because of improvements in hemodialysis (HD) and allied treatments, the life expectancy of HD patients is lower than that of the general population; additionally, the mortality of HD patients remains higher than that of patients with cancer or cardiovascular diseases [1] .
Notably, medical nutrition therapy can substantially reduce the mortality of HD patients and improve their quality of life [2] . Nutrition care in medical nutrition therapy begins with determining the energy requirement. Inadequate caloric intake is a key cause of protein-energy wasting [3] , which can increase the mortality of HD patients [4] . However, the recommended energy requirements determined for HD patients has thus far been inconclusive [5, 6] because of insufficient sample sizes. Specifically, study samples have included approximately 100 patients [6] and few patients of Asian descent [7] . e three countries with the highest ESRD prevalence are in Asia, with Taiwan being the highest and having the greatest number of HD patients. erefore, this study estimated the energy requirements of HD patients and determined the factors affecting energy requirement.
Materials and Methods
2.1. Participants. HD patients and participants without chronic kidney disease who were aged ≥20 years were recruited and divided into experimental and control groups, respectively.
ose who had incomplete data, hyperthyroidism or hypothyroidism, or malignant tumors; who were pregnant; who had undergone an amputation; or who had been hospitalized within 1 month before starting this study were excluded. All participants were recruited from August 2013 to October 2016 and had complete data. e experimental group (n � 228) comprised patients who had undergone HD thrice weekly for at least three consecutive months at the dialysis centers of Taipei Medical University Hospital (TMUH), Cathay General Hospital, or Taipei Tzu Chi Hospital; these patients had no notable edema and had adequate dialysis treatment-defined as (dialyzer clearance of urea × dialysis time)/volume of distribution of urea-approximately equal to the patient's Kt/V >1.2. e control group (n � 65) comprised outpatients of the department of family medicine at TMUH who had an estimated glomerular filtration rate of >60 mL/min/1.73 m 2 . Both groups were matched by sex and age (±3 years) to form 31 pairs. Figure 1 depicts how participants were divided. is study was approved by the Institutional Review Boards of TMUH (no. 201302024), Cathay General Hospital (no. CGH-OP104001), and Taipei Tzu Chi Hospital (no. 04-M11−090), and informed consent was obtained from all participants.
Study Design.
is was a cross-sectional study. Its methodology was in accordance with that of a previous study [8] and is described as follows. Participants' demographic data, anthropometric measurement data, blood biochemical values, physical activity data, and resting energy expenditure (REE) were collected. e major outcomes were REE and total energy expenditure (TEE), and the potential mediators of REE and TEE were age, sex, body weight (dry body weight after hemodialysis treatment in HD patients), body composition, inflammatory marker, nutrition status, Kt/V, normalized protein equivalent of total nitrogen appearance (nPNA), and status as having hyperglycemia, insulin resistance, hyperparathyroidism, diabetes, or sarcopenia.
Total Energy Expenditure.
e REE of all patients was measured. For HD patients, REE was measured on the day of dialysis [5] [6] [7] . Patients were instructed to fast for 4 h and not engage in vigorous exercise the day before measurement. REEs were measured using indirect calorimetry (MedGem, Microlife, Golden, CO, USA), which measures oxygen consumption with the constant 0.85 as the respiratory quotient. Steward et al. [9] noted high correlations between REEs measured using a MedGem calorimeter and those measured using a metabolic cart and Douglas bag; they concluded that a MedGem calorimeter yields more accurate assessments of REE and oxygen consumption [9] .
e Taiwanese version of the International Physical Activity Questionnaire-Short Form was used to assess 7 days of physical activity, including leisure time as well as work-related and transport-related activities [10] . After data on physical activities were collected, activity factors were estimated in accordance with the recommendations issued by the World Health Organization [11] . TEE was estimated by multiplying the REE by the activity factors and dividing the result by 0.9. e three energy equations chosen in this study were those introduced by Harris-Benedict [12] , Schoenfeld [13] , and the National Kidney Foundation's Kidney Disease Outcomes Quality Initiative (K/DOQI) [2] and are presented as follows.
2.4.
Harris-Benedict Equations. REE for men � 66 + (13.7 × weight in kg) + (5 × height in cm) − (6.8 × age); REE for women � 655 + (9.6 × weight in kg) + (1.7 × height in cm) − (4.7 × age).
Schoenfeld Equations.
e TEEs computed from these two energy equations were estimated using the multiplicative product of the basal metabolic rate and activity factors ( Table 1 ). ; and intact parathyroid hormone (iPTH) (values > 800 pg/mL indicated severe hyperparathyroidism) levels, which were collected through chart review. Serum creatinine level was a surrogate for muscle mass because it was inexpensive to measure and highly correlated with lean body mass when measured using dual-energy X-ray absorptiometry in HD patients [17, 18] . e homeostatic model assessment insulin resistance (HOMA-IR) was calculated in terms of the levels of insulin and fasting blood glucose [19] . Because no recommended level of HOMA-IR in HD patients has been conclusively determined in the literature, this study adopted the median HOMA-IR level as the cutoff. Patients' nutritional status was then determined using the geriatric nutritional risk index (GNRI), which was estimated as follows:
K/DOQI-Recommended Equations for HD
where the ideal weight is height (m) 2 × 22.
Notably, if the weight of HD patients divided by their standard weight was <1, then the ratio was marked as 1. HD patients with GNRI <92 were deemed to be at risk of malnutrition [20] . To evaluate the agreement between the measured energy expenditure (obtained through indirect calculations) and predicted energy expenditure (obtained using the equations), this study used Bland-Altman plots and Pitman's test of difference to analyze limits of agreement for each predicted equation, which were stratified by BMI and sex because these factors may influence the agreement. BMI was grouped using 24 kg/m 2 as the threshold because the accuracy of energy prediction equations is affected by both overweight and obesity [21] ; overweight or obesity was defined as BMI ≥ 24 kg/m 2 according to the 2000 World Health Organization Asian Pacific Guidelines [22] . Bland-Altman plots indicated the error (mean of the individual differences between two methods) and limits of agreement. Pitman's test of difference in variance provides an r value and a p value, and a p value of <0.05 indicates poor agreement between the two values. In addition, the bias of the predicted equations was defined as the predicted energy expenditure minus the measured energy expenditure. e bias is presented with a 95% CI, and a 95% CI that included zero indicated that the predicted equation was unbiased. We also calculated the precision as a percentage, where precision was indicated if the predicted energy expenditure was within the range of 90%-110% of the measured energy expenditure.
e Shapiro-Wilk test was used to assess normality. For continuous and normally distributed data, a t-test was used to compare the difference between HD patients and the control group. For continuous and nonnormally distributed data, the Wilcoxon rank-sum test was used to compare data between the two groups. Categorical data were analyzed using a chi-square test. All analyses were conducted using SAS 9.3 (SAS, Cary, NC, USA); p < 0.05 indicated statistical significance.
Results
In total, 154 HD patients had their REEs measured. Of these patients, 72 (57%) were male. e mean age was 58.9 ± 9.9 years, and the median HD time was 3.8 (range: 0.2-32.3) years ( Table 2) . Bland-Altman comparative analysis indicated consistency between the predicted energy expenditure and measured energy expenditure (Figure 2) .
Regarding the correlation between measured energy expenditure and related factors, measured energy expenditure was positively correlated with sex (male participants had higher energy expenditure), dry body weight, BMI, serum insulin level, and GNRI score, but it was negatively correlated with sarcopenia, Kt/V score, and age (Table 3) . Among these factors, dry body weight (r � 0.54) and age (r � −0.36) were the only significant predictors of measured energy expenditure in multiple linear regression. Multiple linear regression was used to develop better equations for predicting TEE. e regression model of REE included age and dry body weight and had an R 2 of 0.359 (Table 4 ). In the multiple regression, TEE was significantly related to dry body weight (β �16.6, p < 0.001) and age (β � −12.1, p < 0.001), with an R 2 of 0.355. e regression analysis of the remaining factors all yielded R 2 values of ≤0.355. 
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According to these results, three commonly used equations with dry body weight and age as variables were chosen, and the differences between the measured energy expenditure and the three equations' estimated energy expenditure are presented in Table 5 . For HD patients, regardless of BMI and sex, all equations overestimated energy expenditure and were thus biased in addition to having low precision. For HD patients with BMI ≤24 kg/m 2 , both the Harris-Benedict equation and K/DOQI guidelines equation had good precision. However, for the Harris-Benedict and K/DOQI equations, only 28% and 34% of participants, respectively, had an estimated TEE within 90%-110% of their measured TEE.
Subsequently, 33 HD patients who underwent REE measurement were paired with the same number of counterparts in the control group. REE, TEE, and TEE per kg of dry body weight did not significantly differ between the two groups ( Table 6 ). HD patients had significantly higher levels of serum insulin, higher levels of hs-CRP, and a significantly higher prevalence of diabetes mellitus relative to their control group counterparts (p < 0.05).
Discussion
In this study, although both age and dry body weight affected the energy requirement of HD patients, traditional energy expenditure equations using these variables could not predict actual energy expenditure. Moreover, the energy requirement of HD patients did not significantly differ from that of their control group counterparts, who had the same Biochemistry Research International sex, age range, and level of physical activity. e indirect calorimeter applied in this study used exhaled gas to measure the REE of HD patients. REE results obtained from this instrument were strongly correlated with those from the metabolic cart and Douglas bag [9] . Moreover, because indirect calorimetry is user-friendly and cost-effective [23] , it has been extensively used to measure the energy requirement of HD patients [5, 7] . us, the indirect calorimeter employed in this study yielded accurate and clinically applicable measurements. In this study, commonly used energy expenditure equations-the Harris-Benedict equation, Schoenfeld equation, and K/DOQI-recommended equation--overestimated the total energy requirement of HD patients, consistent with the finding of a previous study [5] .
is discrepancy is primarily attributable to the difference in study populations. Specifically, age and ethnicity greatly affect body composition, which in turn affects energy expenditure. Furthermore, the Harris-Benedict and Schoenfeld equations were developed by studying young, healthy people of European descent [13, 24] , and the K/DOQIrecommended equation was developed by studying African Americans and European Americans [2] . However, participants in this study were people from East Asia with a mean age of 58.9 ± 9.9 years. e findings suggest that HD patients and individuals in the matched control group did not significantly differ with respect to TEE.
is is consistent with previous studies [5, 7, 25] . In addition, age and dry body weight were major factors affecting the energy requirement of HD patients, consistent with K/DOQI clinical practice guidelines [2] and the findings of previous studies [7, 26] . In a previous study, 13 HD patients were asked to consume a specific diet for 92 days to maintain their dry body weight, and these HD patients had similar total energy requirements as did the general population [26] . In addition, compared with a previous study [25] , the present study recruited patients with a wider age range and a broader spectrum of medical conditions that included diabetes. Notably, the average energy requirement of this study's HD patients was similar not only to that of their matched counterparts but also to the Taiwanese government's recommended daily energy requirements from Dietary Reference intakes (DRIs) [27] , which are 29-31 and 28-29 kcal/kg for Taiwanese people aged 19-70 and ≥ 71 years, respectively. Previous studies have suggested that other factors affect the energy requirement of HD patients, including muscle mass, thyroid function [28] , inflammation [29, 30] , poor glycemic control [31] , and hyperparathyroidism (iPTH > 700 pg/mL) [6] . e present study excluded HD patients with abnormal thyroid function to reduce the influence of confounding factors. In addition, HD patients in this study were healthier relative to those in previous studies and that may have contributed to the nonsignificant results. Although the sex distribution, mean age, and proportion of patients with diabetes in this study were similar to those of a multiple-center study in Taiwan and a study at the DaVita hemodialysis center in the United States [32, 33] , HD patients in this study had better control of blood glucose, and only 12% and 56% had hyperparathyroidism and inflammation, respectively. is study did not report BIA-measured lean body mass because of poor methodological agreement between BIA use and dual-energy X-ray absorptiometry [15] . erefore, we used serum creatinine as the marker of muscle mass because in addition to being inexpensive and easy to measure, serum creatinine has been demonstrated to be an indicative muscle marker in HD patients [17, 18] . However, serum creatinine level was affected by residual renal function in 14 HD patients in this study who had an HD treatment period of <1 year. is might have resulted in the serum creatinine level having a lower correlation with both REE and TEE relative to its correlation with BMI.
Other limitations of this study are as follows. First, the number of HD patients who had their REE measured still constituted a small sample size (n � 154), although this number is much higher than that of previous studies [5] [6] [7] . Furthermore, our cross-sectional study did not allow causal inference based on the correlations of TEE with dry body weight (positive correlation) and age (negative correlation) in HD patients. Nonetheless, these correlations were consistent with those reported in a longitudinal study [26] .
ird, this study uses sarcopenia criteria for general population but not for HD patients. ere are no sarcopenia criteria for HD patients, and criteria for general population are used to calculate the prevalence of sarcopenia in HD patients [34] . Fourth, this study did not investigate other factors that can influence energy requirement, and future studies should include these factors in larger-scale empirical investigations.
Despite these limitations, this study is more informative than other studies and provides an easier method for measuring the total energy requirement of stable HD patients. is study also investigated a larger sample of patients in a wider age range and with a broader spectrum of medical conditions-including diabetes mellitus and malnutrition-which allows its findings to be extrapolated, albeit with caution [7, 26] . Moreover, this study addressed the gap in the literature regarding factors that influence the energy requirement of HD patients of East Asian descent. us, the energy requirement of HD patients can likely be accurately determined in terms of their ethnicity, age, dry body weight, and sedentary activity level.
In summary, age and dry body weight were the main factors influencing the energy requirement of HD patients, which was similar to that of patients without kidney failure who were of the same sex and age group who had the same Table 6 : Comparison of demographic, anthropometric, dietary, and biochemical items in hemodialysis (HD) participants and matched non-HD groups with respect to resting energy expenditure (REE) (n � 62) 1 level of physical activity. erefore, in East Asian populations, the suggested equations of TEE in HD patients is dry weight (kg) x c, where c � 32 kcal/kg and 30 kcal/kg for patients aged <65 and ≥65, respectively. However, more extensive research is necessary to refine these equations for HD patients.
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